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Modules shape the market
RFICs are becoming a hotly contested 
battleground as the manufacturing sector
gears up for the end of the telecom 
recession. This article reports how the 
contenders are using technology to gain
marketshare, as handset products with
increased sophistication vie for our dispos-
able income.
Through acquisition and organic growth
RFIC companies have changed out of all
recognition in just a few years.They have
their own good reasons for these moves.
Certainly, with technology assuming even
greater significance and the narrower
margins the business is not for those
with weak resolve.A number of compa-
nies have reported higher volumes of
devices shipped but with little or no
actual revenue increase. For them the
tighter ASPs and exchange rates have
eroded margins still further.
MCMs & RFIMs
Those that continue to
participate have become
more than chip companies
and more like a system hous-
es.Their business is dominated
by multi-chip modules (MCMs).
In a continuous process of
shrinkage they cram more
functionality into the RF
integrated modules that
now dominate their sales.
Thus a new acronym can
be coined. Perhaps they
should be referred to as RFIM rather than
RFIC companies.
On the one hand, manufacturers are using
packaging technology to boost value. On
the other, it means that you cannot just
have GaAs materials at your disposal. Most
of the players have taken several steps
closer to being broad-based RF product
suppliers.According to the demands of
their clients they have shrunk formats
down to as little as 3x3 mm but other
than that little change is visible. For exam-
ple, new additions to Anadigics’ portfolio
have been developed to provide CDMA
handset providers with smaller modules
that offer high levels of efficiency, while
maximising board space and ensuring a
rapid migration path from 4x4 mm mod-
ules.A similar footprint to standard 4x4
mm modules ensures that the new
devices can be 
integrated by manufacturers with minimal
modification to their existing phone
board layout and no software changes.
The photograph illustrates one of the
latest contenders in SiGe to hit the mar-
ket. In March, M/A-COM announced four
new SiGe PAs designed for 'smart PA'
gain along the transmit/receive path of
new DECT phones, wireless LANs and
2.4 GHz 802.11 b/g applications. Like
many new GaAs parts, SiGe components
too are being issued as 'lead-free;' anoth-
er key technology lever being deployed
by the major vendors (see Crystal
Gazing, page 55).
Made possible by improvements in
process technology and mod-
ule construction, OEMs
are having their jobs
made easier as each
month passes.With fewer
external components and
lower supplier voltages
required the module drops into
a smaller space leaving scope for
'essential extras' like cameras
and mp3 players.This demand for
optimisation of the system not only
helps the user but most likely eases the
manufacturing task, boosting yields and
hence profitability.
Balancing act
Two major names have been lost from
the merchant GaAs scene, but this has
been balanced by new ones. For
instance, veteran analog MMIC maker
Raytheon decided that the time has
come for it to go back to being captive
only. It has retained certain capabilities in
GaAs which it may share with close col-
laborators, but it is no longer wanting to
compete in the open market.As ever, one
can speculate how long even this might
prevail given the increasing costs of run-
ning obsolescent plant.There are those
who stress the ‘luxury’ that in-house man-
ufacturing has become. For defence,
however, the situation is different given
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The M/A-COM SiGe MAAPSS0082 is tailored
for PHS applications (1.89 - 1.92 GHz) and
with 23dBm linear output power, 31dB power
gain, 280 mA current drain at 23dBm in lead-
free 3 mm 12-lead FQFP-N packaging. An on-
chip power detector precludes the need for
building additional feedback circuits for bias
trimming. Having a micro-amp power shut-
down mode means it dramatically improves
battery life.
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There have been some interesting developments in the
epitaxial growth of SiGe-type materials since the last
article. The market has been somewhat inconspicuous
with few announcements of actual purchases of reactors
by the handful of major suppliers. Nevertheless, behind
the scenes interest is high and it’s just that it can seldom
be reported. 
One development in commercial epiwafers which stands
out is the changes at ATMI. It has been steadily reducing
certain of its semiconductor materials businesses.
Previously it was one of the more diverse players in the
business but having already exited the GaAs epiwafer
sector and most recently the III-nitrides, it is left with Si
and SiGe merchant epi. It is an open secret that ATMI
wishes to focus on other materials for the semiconductor
industry and is looking to find a similar good home for
the remaining epi business.
As Doug Meyer, director of New Business Development
at ATMI told III-Vs Review: “We are generally pretty
quiet about this activity since our NDAs are rather
restrictive. I’d love to tell you about a few ‘special’ proj-
ects we’ve done for some very big companies. It was fun
to read their press releases and to know that we were
the source of these very unique structures. But alas, I
can’t spill the beans”. 
He went on to say that while SiGe is a relatively small
revenue for ATMI, it is intellectually challenging and a
‘strong morale booster’. It is also a confirmation of the
Company’s technological capability.
“The primary business driver in our SiGe activities is for
BiCMOS ICs which include SiGe HBT bipolar devices. We
are processing several hundred wafers per month for
one customer and this is looking to be on the increase
throughout the year. We have a second customer who
should ramp into similar volumes soon and in the direc-
tion of >1000 wafers per month by late 2005. We also
have a few other small SiGe HBT customers with volumes
in the range of 50 to 100 wafers per month.
“Obviously, customers of ours who have demonstrated
product acceptance with their customers are the source of
most of our revenue. The smaller volumes are for cus-
tomers who are still in development or are sampling to
their customers. Applications of these BiCMOS ICs are pri-
marily in wireless markets but there are also a few tele-
coms devices coming out of this activity as well”.
Doug says that the strained-silicon (s-Si) business is more
difficult to describe: “In one sense, the move towards
300mm wafers for s-Si leaves us out of the primary com-
petition since we have chosen not to add 300mm 
processing equipment. On the other hand, most devel-
opment work for s-Si is being done on 200mm wafers
and we supply this material to a number of customers.”
ATMI’s epiwafer customers for HBTs and s-Si are world-
wide “We are particularly proud of our growing business
in Japan, where epi services have not previously had cus-
tomers.  Thus, our SiGe technology provides us with an
entry to this market where our more mature Si epi capa-
bility was not sufficiently motivating to customers in this
region.”
In conclusion he says that it is a ‘very exciting time’ for
epi and he has a very optimistic forecast: “We are expect-
ing SiGe revenue growth in the range of 35% CAGR dur-
ing the next 5 years”.
Si/SiGe epiwafers at ATMI
SiGe Epiwafer Market
Unlike substrate manufacture, SiGe epi remains an activity
largely confined to device makers. It therefore has a strong
captive aspect. Nonetheless, if ‘captive’ is seen as a ‘total
available market’ then it could be worth a respectable
US$250 million by 2006 according to the report*. The figure
shows one possible scenario for the development of this
market. Today, the main players prefer to mix and match
their own capabilities with those of one of more merchant
suppliers. Exactly how much of which will depend on various
factors, such as device type, production demand, etc. 
*SiGe Materials & Devices - A Market & Technology
Overview to 2006. ISBN 1 85617 3968. Elsevier Advanced
Technology.
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the subsidies and lack of the requisite
components from commercial suppliers.
Nevertheless, with the loss of one name
another emerges - one of the founding
fathers of the silicon IC industry,
Fairchild, has at last bought into GaAs
thanks to Raytheon’s decision.
Celeritek had earlier opted out of the PA
module business and in the process sold
an unfortunately timed earlier acquisition,
Tavanza to Anadigics. Celeritek’s decision
may well have been influenced by losing
some contracts with majors like Motorola
but that company in turn is heading for
one of the most drastic changes in its his-
tory. Years ago it spun off its discretes
business to form ON Semiconductor and
that has done well.The new company will
be called Freescale Semiconductor and
likely have at its core Motorola’s world-
class GaAs and SiGe technologies.
Perhaps Motorola is a little late in coming
to this decision to follow the earlier prece-
dents set by the likes of Alpha Industries
and Conexant who set up Skyworks
Solutions. Or even earlier examples like
Siemens or H-P and Agilent.There must be
a serious driver behind these moves
because the conservative Japanese leaders
are also moving towards a similar model.
Hitachi formed Renesas and most recently
a new name ‘Eudyna Devices’ has emerged
formed from the compound semiconduc-
tor businesses of Fujitsu Quantum Devices
and Sumitomo Electric. However, unlike
Freescale there will be no share offering
for the newest name in III-Vs.
Conversely,Vitesse Semiconductor, one of
the earliest GaAs start-ups has gone over
to the ‘other side’.The company has
decide that another III-V better fits its
future datacoms intentions by turning
over a GaAs fab into InP. While some
observers thought this a brave move
switching to a technology which is reput-
ed to offer even bigger technical chal-
lenges than GaAs, it is not alone in seeking
its fortunes in this direction. Following
TRW’s trail-blazing initiative, there are
now as many as four InP fabs - Velocium
likely retains the lead, but in the van are
some other hungry players like Anadigics,
Bookham Technology and M/A-COM.
Of course there are companies with vir-
tually all the key technologies under the
one roof. RFMD is a prime example. But
even that company prefers to outsource
some of its material needs.
Generally speaking, it often depends on
IP, patents and whether the company
wants to bear the full cost of having all
of the necessary skills in-house or not. If
the market is immature then it is likely to
make this seem less desirable. However,
when the datacom business gets back
into its full stride then the industry may
see a reappraisal of the trend.
Meanwhile, such companies will continue
to seek to be first to market by leveraging
new technology.The attraction derives
from the higher margins compared to
being a latecomer. In GaAs, however, for
the most part the business is strictly driv-
en by the demands of the OEM customer
in what is essentially a closed market-
place. More and more functionality and
miniaturisation of handsets is putting the
onus on the module makers to stay ahead
in technology. One often wonders where
it all comes from - is it the OEM making
the running or is it the module maker
offering new technology solutions.
On the other hand, the future for RFICs
looks to be a bright one. It is all a matter of
integration and the trend has always been
to bring more functions on-chip.As this
moves along the usual Moore’s Law curve,
die size will be a problem and even 6-inch
wafers may seem inadequate for the task.
Then perhaps the proposed advantages of
heteroepi may be reappraised, but the con-
sensus is that this is unlikely when other
options exist. More likely is that for hand-
sets and their like, silicon will be engi-
neered to deliver the economics as well as
the performance.The jury is still out on
this.The consensus amongst the majority
of players is to include this persuasive
technology where they can, such as in
receivers. In due course it may become
clearer whether SiGe or some variant
thereof can deliver when set against the
capabilities of GaAs.
For the next few years RFIM makers will
continue to squeeze the technology
they have until it reaches the point
where economic viability holds sway
and the pendulum finally swings away
from GaAs.There is no instant fix here
because of the normal acceptance pro-
cedure for new chip technology. It can-
not be rushed into service because the
end-users’ reputations matter too much.
Only when all the reliability and per-
formance data is in will SiGe or any
other new material be given the green
light.This is likely to be happening
behind closed doors and we can expect
to hear of such design-wins in due
course.
Silicon always seems to have not only
staying power but also a few more cards
up its sleeve.There have lately been
some interesting technical developments
some of which may turn out in due
course to be a worthwhile commercial
proposition in RF as well as SoC.A good
example is the so-called ‘silicon-on-noth-
ing’ developed by Toshiba and
STMicroelectronics and others.
Problems in the upturn
Everyone is looking forward to the
upturn.Then those who have been
patiently refining their technology should
reap the benefits.
But upturns bring along their own chal-
lenges not the least being how to cope
with a full order book after such pro-
longed fallow times.
Other potential distractions include short-
ages of raw materials and components. So
far no reports have surfaced concerning
insufficient III-V devices but some compa-
nies have suffered from a lack of other
parts. For example, Motorola had to delay
the launch of a new handset thanks to the
lack of key display parts.
Sufficient to say that it is close to impos-
sible to gain a clear statement on which
technology is best. Everyone has a bias -
the SiGe vendors most of all, perhaps
because they are the newcomers. The
end-user probably will not even care
which triumphs. The only concern is to
be first to market with the customers’
favourite.
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